The asymmetric unit of the title compound, C 15 H 21 N 3 OS, comprises of two crystallographically independent molecules (A and B). Each molecule consists of a cyclohexane ring and a 2-hydroxy-3-methylbenzylidene ring bridged by a hydrazinecarbothioamine unit. Both molecules exhibit an E configuration with respect to the azomethine C N bond. There is an intramolecular O-HÁ Á ÁN hydrogen bond in each molecule forming an S(6) ring motif. The cyclohexane ring in each molecule has a chair conformation. The benzene ring is inclined to the mean plane of the cyclohexane ring by 47.75 (9) in molecule A and 66.99 (9) in molecule B. The mean plane of the cyclohexane ring is inclined to the mean plane of the thiourea moiety [N-C( S)-N] by 55.69 (9) and 58.50 (8) in molecules A and B, respectively. In the crystal, the A and B molecules are linked by N-HÁ Á ÁS hydrogen bonds, forming 'dimers'. The A molecules are further linked by a C-HÁ Á Á interaction, hence linking the A-B units to form ribbons propagating along the b-axis direction. The conformation of a number of related cyclohexanehydrazinecarbothioamides are compared to that of the title compound.
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Chemical context
Schiff bases are significant agents in both organic and inorganic chemistry, and are widely used in biological applications, particularly for anticancer screening (Ziessel, 2001; Salam et al., 2012a; Arafath et al., 2017b) . They have attracted a great deal of attention because of the presence of hard and soft atoms together in one molecule. Thiosemicarbazone Schiff base compounds have soft sulfur and hard nitrogen as well hard oxygen atoms (Mohamed et al., 2009) . These Schiff base compounds are of special interest because of their diversity in coordinating to hard and soft metals using the hard and soft coordinating sites such as NSO (Arion et al., 2001; Leovac & Č ešljević, 2002; Chandra & Sangeetika, 2004; Singh et al., 2000; Gerbeleu et al., 2008; Mohamed et al., 2009) . Many Schiff base compounds and their complexes with transition metals have wide biological and pharmaceutical applications (Padhyé & Kauffman, 1985; Salam et al., 2012b) . Thiosemicarbazones having ONS-coordinating sites are important for coordination chemistry because of their strong bonding ability with transition metals (Rayati et al., 2007; Alomar et al., 2009; Vieites et al., 2009; Siddiki et al., 2012) .
Structural commentary
The asymmetric unit of the title compound consists of two crystallographic independent molecules (A and B), as ISSN 2056-9890 illustrated in Fig. 1 . In each molecule a cyclohexane ring and a 2-hydroxy-3-methylbenzylidene ring are interconnected by a hydrazinecarbothioamine bridge. Both molecules exhibit an E configuration with respect to the azomethine C7 N1 bond, and in each molecule there is an intramolecular O-HÁ Á ÁN hydrogen bond forming an S(6) ring motif (Table 1and Fig The cyclohexane ring (C9-C14) in each molecule has a chair conformation. The mean plane of the four central C atoms (C10/C11/C13/C14) is inclined to the mean plane of the thiourea moiety [N2-C8( S1)-N3] by 54.83 (11) and 55.64 (10) in molecules A and B, respectively, and by 50.33 (10) and 65.30 (10) to the benzene rings (C1-C6) in molecules A and B, respectively. The benzene ring is inclined to the mean plane of the thiourea moiety by 10.95 (8) in molecule A and 9.80 (8) in molecule B. The unique molecular conformations of the two molecules can be characterized by five torsion angles, i.e. 1 (C1-C6-C7-N1), 2 (C7-N1-N2-C8), 3 (N1-N2-C8-N3), 4 (N2-C8-N3-C9) and 5 (C8-N3-C9-C10), as illustrated in Fig. 3 . The torsion angle 1 between the benzylidine ring and the azomethine double bond for both molecules are approximately 0 [3.0 (2) in molecule A and 1.9 (2) in molecule B], signifying the coplanarity between benzylidine ring and the azomethine double bond (C7 N1). In molecule B, the azomethine double bond is close to planar with the hydrazine moiety [ 2 = 177.23 (14) ], whereas 2 in molecule A is slightly twisted [ 2 = 171.68 (14) ]. In both molecules, the torsion angle between the hydrazine moiety and the carbothio group are also slight twisted with 3 values in molecules A and B of 7.4 (2) and À10.2 (2)
, respectively. Similarly to 1 , the carbothio group is almost coplanar with the thioamide group Table 1 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of benzene ring C1A-C6A. A view of the molecular structure of the two independent molecules (A and B) of the title compound, with the atom labelling. Displacement ellipsoids are drawn at the 50% probability level. The intramolecular O-HÁ Á ÁN hydrogen bonds ( . The thioamide group and the cyclohexane ring are almost perpendicular to each other with 5 torsion angles of 85.3 (2) and À81.6 (2) in molecules A and B, respectively. This may arise from the steric repulsion between the cyclohexane ring and adjacent sulfur atom.
Supramolecular features
In the crystal, the A and B molecules are connected into 'dimers' with an R 2 2 (8) ring motif, via N2A-H1N2Á Á ÁS1B
i and N2B-H2N2Á Á ÁS1A i hydrogen bonds (Fig. 4 and Table 1 ). The A molecules are further linked by a C-HÁ Á Á interaction, so linking the A-B units to form ribbons propagating along the baxis direction, as illustrated in Fig. 4 .
Database survey
A search of the Cambridge Structural Database (CSD version 5.40, last update February 2019; Groom et al., 2016) using (E)-2-benzylidene-N-cyclohexylhydrazine-1-carbothioamide as the reference moiety resulted in nine structures containing a cyclohexylhydrazinecarbothioamide moiety with different substituents (R). The different substituents (R) together with the torsion angles of the hydrazinecarbothioamide connecting bridge are compiled in Table 2 (cf. Fig. 3 ). In these structures, including the title compound, the hydrazinecarbothioamide connecting bridge is nearly planar as 2 , 3 and 4 are in, respectively, anti-periplanar (153.5 to 179.3 ), syn-periplanar (0.8 to 14.7
) and anti-periplanar (from 171.8 to 180.0 ) conformations. The attached cyclohexane ring is always close to perpendicular to the thioamide group and with a syn/anticlinal ( 5 = 78.3 to 94.5 ) conformation. Furthermore, torsion angle 1 for most of these structures exists in a syn-periplanar conformation, ranging from 0 to 25.8 , but there is one outlier (molecule B in NALKOD; Basheer et al., 2016b) where torsion angle 1 is in a syn-clinal (36.2 ) conformation. The cyclohexylhydrazinecarbothioamide moiety of this structure is substituted with an anthracen-9-ylmethylene ring system.
Synthesis and crystallization
The reaction scheme for the synthesis of the title Schiff base compound is given in Fig. 5 .
2-Hydroxy-3-methylbenzaldehyde (0.68 g, 5.00 mmol) was dissolved in 20 ml of methanol. Glacial acetic acid (0.20 ml) was added and the mixture was refluxed for 30 min. A solution of N-cyclohexylhydrazine carbothioamide (0.87 g, 5 mmol) in 20 ml methanol was added dropwise with stirring to the aldehyde solution. The resulting colourless solution was refluxed for 4 h with stirring. A colourless precipitate was obtained on evaporation of the solvent. The crude product was washed with n-hexane (5 ml). The recovered product was dissolved in acetonitrile and purified by recrystallization. Colourless block-like crystals suitable for X-ray diffraction analysis were obtained on slow evaporation of the acetonitrile solvent (m.p. 513-514 K, yield 93%).
Spectroscopic (Basheer et al., 2017) pyren-1-ylmethylene 10.1 174.9 1.2 180.0 81.6 BEFZIY (Basheer et al., 2016a) 2-hydroxy-1-naphthyl)methylene 0.9 179.3 6.8 176.6 83.4 BEVNAR (Koo et al., 1981) 4-aminobenzylidene 14.3 175.0 7.4 178.5 94.5 LAQCIR (Jacob & Kurup, 2012) 5-bromo-2-hydroxy-3-methoxybenzylidene 10.1 176.8 4.1 179.5 86.2 LEPFIW (Seena et al., 2006) 1-(2-hydroxyphenyl)ethylidene 3.9, 6.6 155.0, 153.5 14.0, 14.7 175.7, 171.8 91.9, 81.6 NALKOD (Basheer et al., 2016b) anthracen-9-ylmethylene 25.8, 36.2 171.6, 178.6 0.8, 1.4 172.9, 176.2 79.0, 79.2 OBOLOJ (Arafath, 2017a) 5-chloro-2-hydroxybenzylidene 4.7 176.0 5.5 176.7 83.7 XOYKAZ (Bhat et al., 2015) 4-ethoxybenzylidene 0.5 169.3 11.6 176.2 85.8 YUXJOS (Arafath et al., 2018) 3-t-butyl-2-hydroxyphenyl)methylidene 11.8 170.1 12.5 176.2 78.3
Note: The title compound and compounds LEPFIW and NALKOD crystallize with two independent molecules in the asymmetric unit.
Figure 5
Reaction scheme for the synthesis of the title compound.
Figure 4
A partial view, normal to the ac plane, of the crystal packing of the title compound. The N-HÁ Á ÁS hydrogen bonds are shown as cyan dotted lines, and the C-HÁ Á Á interactions as green dotted lines (see Table 1 for details). For clarity, only the hydrogen atoms involved in these interactions have been included. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . The O and N-bound H atoms were located in a difference-Fourier map and freely refined. The C-bound H atoms were positioned geometrically and refined using a riding model: C-H = 0.95-1.00 Å with U iso (H) = 1.5U eq (C-methyl) and 1.2U eq (C) for other H atoms.
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Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

